Background: Whether a relationship exists between various metabolic factors and thyroidstimulating hormone (TSH) levels in euthyroid persons remains unknown. This study aims to explore the relationship between TSH levels and metabolic factors in euthyroid individuals. Methods: A total of 2,663 subjects were enrolled from a nationwide population-based crosssectional survey of iodine nutrition, thyroid disease and diabetes in China (2014China ( -2017. Euthyroid individuals were divided into four groups according to quartiles of TSH levels: group A (n=305, 0.3-1.3 mIU/L), group B (n=829, 1.3-2.2 mIU/L), group C (n=673, 2.2-3.2 mIU/L) and group D (n=349, 3.2-4.2 mIU/L). Anthropometric parameters, biochemical indicators and TSH levels were determined. Results: A total of 2,156 euthyroid subjects with serum TSH levels within the normal range accounted for 86.8% of the sample. The systolic blood pressure (SBP) in group D was significantly higher than that in the other three groups. Group C displayed significantly lower thyroid peroxidase antibody (TPOAb) levels than the other three groups. Group C also had lower anti-thyroglobulin antibody (TgAb) levels than groups A and D, whereas the TgAb levels in group B were only lower than those in group A. Spearman's or Pearson's linear regression analysis showed that SBP (r=0.054; P=0.013) was positively correlated with TSH, but cholesterol (TC) (r=−0.043, P=0.047) was negatively correlated with TSH. Multiple stepwise regression analysis revealed that SBP, the urinary iodine concentration (UIC), waist circumference (WC), body mass index (BMI), TC, triglycerides (TGs) and low-density lipoprotein cholesterol (LDL-C) were independent predictors of serum TSH levels. Conclusion: This large population-based study demonstrates a significant interaction between metabolic factors and TSH levels. An adverse weight status, high blood pressure levels, blood lipid metabolism disorder and excessive iodine intake may be early manifestations of thyroid disease in euthyroid subjects.
Introduction
Recently, the incidence of thyroid disease has sharply increased year by year. 1 The proportion of individuals with elevated TSH levels in the general population is also increasing. Hypothyroidism and subclinical hypothyroidism (SCH) are very common diseases in the general population. The reported incidence of SCH ranges between 5% and 10% and is higher in older people and women. 2 Based on a survey of the prevalence of thyroid diseases in 2010, the prevalence of SCH in China was 16 .7% based on a diagnostic cut-off level of thyroid-stimulating hormone (TSH) >4.2 mIU/L.
High TSH levels within the normal range may be a sign of early hypothyroidism and are associated with an increased prevalence of autoimmune thyroid disease and a risk of hypothyroidism in the near future. 3 An increased serum TSH level may cause multiple organ damage and metabolism disorder. [4] [5] [6] [7] [8] Inoue et al reported that a high-normal TSH level can increase the risk of all-cause, cardiovascular and cancerrelated mortality compared with medium-normal TSH levels. 4 Coronary heart disease has been reported to be associated with the lowest tertile of TSH levels in men. 5 Fernándezreal-Real et al found a positive correlation between TSH and postprandial fasting insulin levels in healthy euthyroid subjects. 6 Although the baseline TSH level was not associated with the risk of diabetes, after 84,595 personyears of follow-up, the TSH level was demonstrated to be an additional risk factor for the development of type 2 diabetes in euthyroid subjects. 7 In early pregnancy, SCH and thyroperoxidase antibody-positive euthyroidism are associated with an increased risk of gestational diabetes mellitus. 8 Additionally, glycemic aberrations are closely associated with TSH secretion in type 1 diabetes regardless of variations in thyroid hormone concentrations. 9 However, in a previous meta-analysis, plasma TSH levels within the normal range had no significant relationship with the incidence of type 2 diabetes, even in patients with a high cardiovascular risk.
10
In addition to the results of the above studies, the prevalence of metabolic syndrome in China has recently been reported to be as high as 33.9%; 11 thus, disorder of the TSH level may be influenced by metabolic regulation factors. However, the results are not completely consistent in previous studies, 4, 5, 7, 10 and the underlying cause is not fully known. The possible reasons include small sample sizes, racial differences and participant selection from special populations. In addition, reports including the urinary iodine concentrations (UIC) are rare or conflicting. The relationship between iodine intake and TSH is unclear. Therefore, we performed a cross-sectional investigation based on a nationwide iodine nutrition and thyroid disease epidemiological survey to explore the relationship between TSH and thyroid antibody, the UIC, blood glucose, blood lipids, blood pressure, and other metabolic parameters in euthyroid subjects.
Subjects and methods

Study population
The Anthropometric and biochemical measurements Anthropometric parameters
All of the participants were required to fast overnight before the physical examination. The anthropometric parameters included height, weight, waist circumference (WC) and blood pressure. Height, weight, waist circumference and blood pressure were measured according to standard procedures reported in a previous study. 12 The participants should rest for 10 mins before blood pressure measurement, relax their minds, avoid exertion, empty the bladder, stop smoking 15 mins before the test, avoid drinking tea and coffee, and be seated. The right upper limb blood pressure was measured twice per person for 3-5 mins each time.
Experimental procedures and determination methods
Overnight fasting blood samples were collected. All subjects were assayed for TSH, thyroid peroxidase antibody (TPOAb), anti-thyroglobulin antibody (TgAb), total cholesterol (TC), triglycerides (TGs), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), blood uric acid (UA), fasting blood glucose (FBG), glycosylated hemoglobin (HbA1c), and the UIC. 12, 13 The TSH, TPOAb and TgAb levels in the specimens were determined by immunochemiluminescence. The FBG level was assayed using the glucose oxidase method. The TC, TG, LDL-C, HDL-C and UA concentrations were determined enzymatically. The HbA1c level was determined using high-performance liquid chromatography. The UIC was uniformly determined with inductively coupled plasma mass spectrometry (ICP-MS) (Agilent 7700×, Agilent Technologies, USA) in the central laboratory.
Definitions of thyroid function and the normal reference ranges
The subjects with normal thyroid function were divided into four groups according to quartiles of TSH levels: group A (n=305, 0. 
Statistical analysis
The experimental data were processed with SPSS statistical software, version 22.0. Continuous variables are described as the means ± standard deviation, comparisons between multiple groups were performed with analysis of variance (ANOVA), and pairwise comparisons were performed with the least-significant difference (LSD) test. Correlations between variables were determined using Pearson's or Spearman's correlation analysis, and the independent influencing factors of TSH were explored through multiple stepwise regression analysis. A test level of P<0.05 was considered statistically significant.
Results
According to the analysis results of the samples, 2,156 euthyroid subjects with normal serum TSH levels remained after 327 individuals were excluded because of thyroid diseases. As presented in Table 1 and Figure 1 , body mass index (BMI), WC, FBG, HbA1c, UA, TGs, TC, LDL-C and HDL-C did not differ among the groups.
Comparisons of the groups showed that the systolic blood pressure (SBP) in group D was significantly higher than that in the other three groups. Group C displayed significantly lower TPoAb levels ( Figure 1A ) than those in the other three groups. Group C also had lower TgAb levels ( Figure 1B ) than those in group A and group D, whereas the TgAb levels in group B were only lower than those in group A. The difference of UIC levels between all groups were showed in Figure 1C .
As presented in Figure 2 , correlations were observed between TSH levels and SBP (r=0.054; P=0.013) (Figure 2A ) and TC (r=−0.043, P=0.047) ( Figure 2B) . No correlations were found between the remaining metabolic indicators and TSH. Multiple stepwise regression analysis revealed that WC, BMI, SBP, TC, TGs, LDL-C and the UIC were independently related to TSH levels ( Table 2) .
Discussion
Thyroid disease is one of the most common endocrine system diseases. Hypothalamic-pituitary-thyroid axisrelated hormone levels are slightly altered and may affect the body overall.
14,15 Increased risks of thyroid disease and type 1 diabetes have been found in children born to women with Graves' disease. 16 TSH within the reference range has been reported to be positively associated with the risk of future hypothyroidism. 3 The prevalence of metabolic syndrome in China is markedly high. 11 Another study revealed that patients with metabolic syndrome had a 21% excess risk of developing SCH, even after controlling for risk factors during an average follow-up of 4.2 years.
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Whether early changes in serum TSH levels are related to metabolic indicators in euthyroid subjects is unclear. In the present study, SBP, as one of the metabolic syndrome components, was higher in the highest quartiles of TSH levels. The TSH level was also positively correlated with SBP. The results are consistent with those of a previous cross-sectional meta-analysis. 18 The study enrolled 2,289 euthyroid individuals and identified strong evidence for a doseresponse relationship between TSH levels and the hypertension risk. Individuals with higher normal TSH levels are at a higher risk of developing hypertension than those with lower normal TSH levels. This result was further supported by a meta-analysis suggesting a significant dose-response relationship between TSH levels and the hypertension risk in euthyroid subjects. 19 In addition to influencing blood pressure, the effect of thyroid dysfunction on lipid metabolism is not fully clear. 20 The thyroid is widely believed to be the target organ of lipotoxicity. 21 TC and TG levels were positively correlated with TSH levels in euthyroid subjects in a previous study. 22 However, the TC level was slightly negatively correlated with TSH levels in our study. Furthermore, the study found that lipid levels (TC and TG) were more likely to be abnormal in subjects with the lowest or highest quartiles of TSH levels. We speculated that a trend toward an abnormal TSH level substantially more adversely influenced blood lipid metabolism and related clinical outcomes than mediumnormal TSH levels. These findings may explain why the P<0.05 compared with group C. Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; WC, waist circumference; HR, heart rate; FBG, fasting blood glucose; TG, triglyceride; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; UA, uric acid; HbA1c, glycated hemoglobin. Figure 2 The correlations between TSH and SBP (A) and TC (B). Abbreviations: TSH, thyroid-stimulating hormone; SBP, systolic blood pressure; TC, total cholesterol. highest or lowest normal TSH level can increase the risk of cardiovascular disease. 4, 5 Our hypothesis is further supported by a recent study reported by Ahi et al. 23 Significantly elevated TPOAb and TgAb levels were observed in participants with the lowest and highest limits of TSH within the reference range. Thyroid-related antibody levels may be an early manifestation of thyroid diseases, especially autoimmune thyroid disease. A previous study also suggested that TPOAb and/or TgAb increased significantly with increasing levels of TSH and was associated with the prevalence of hypothyroidism. 24, 25 The UIC was highest in subjects with a TSH level of 1.3-2.2 mIU/L, which is also consistent with the findings of a previous study. 26 Additionally, the UIC was negatively correlated with TSH levels in euthyroid subjects. More than adequate iodine intake may be an important inducing factor of thyroid disease. The prevalence of clinical hyperthyroidism and Graves' disease has been reported to be significantly increased among Chinese populations in areas with adequate iodine intake. 27 Metabolic syndrome components, weight status (BMI and WC), blood pressure, blood lipids and iodine status are all influenced by TSH levels. Adipocyte-and hepatocyte-derived metabolic regulators may be critical links between metabolic syndrome and thyroid function. 28 The study results showing that WC and BMI were independently related to TSH levels are partly consistent with those of a previous Asian study revealing that men with a higher TSH concentration had higher body weights and BMI values, even after adjusting for related confounders. However, the TSH level was not associated with WC. 29 A 1-mIU/L higher TSH level within the euthyroid or subclinical hypothyroid range was associated with a 0.51-kg higher baseline weight in women. 30 In patients with SCH, high blood pressure and high serum TGs were associated with an increased risk of thyroid disease. Subjects with metabolic syndrome were reported to be at a greater risk of developing SCH. 17 Thyroid hormone supplementation increased TSH levels, which reached a steady state at an incidence risk ratio of 1.75 after ten years of iodine fortification. 31 Some inevitable limitations exist in our study. First, this study was cross-sectional, and the results should be verified by a longitudinal clinical study in the future. Second, comorbidities and concomitant drug use are common among elderly individuals. According to the literature, some drugs, such as estrogen, aspirin, nonsteroidal anti-inflammatory drugs, and glucocorticoids, can affect thyroid hormones. 32 We hope to provide supporting data and references for future studies, and more studies are needed to clarify the relationship between metabolic indicators and thyroid disease.
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Conclusion
In conclusion, metabolic parameters showed significant changes at different levels of TSH. Weight status, blood pressure, blood lipids and iodine intake were independent predictors of serum TSH levels. Disorder of various metabolic parameters is an important factor that cannot be ignored as an influencing factor of thyroid disease. Further studies are needed to explore the possible mechanism of metabolic syndrome and its influence on thyroid function.
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